Two views of the snail ball; the second was taken 30 seconds after the first.
The mystery can be explained by some familiar concepts: the center of gravity and the curtate cycloid curve. Recall that a point on a rolling wheel of radius r traces out the curve r (t − a sin t, 1 − a cos t) where a is the proportion of the radius that the tracing point is away from the rim. When a < r this is called a curtate cycloid, but we will just use the term cycloid here for brevity.
The snail ball consists of a spherical metal shell (diameter 19 mm) hiding a smaller core (a solid ball of diameter 12 mm) in its interior. There is also a viscous liquid in the interior (perhaps glycerol), which delays the ability of gravity to lower the core to the bottom position. By making the simplifying assumption that the viscosity acts very strongly to delay motion, we can use some simple geometry to explain the effect. (The unit of viscosity is the poise, for Poiseuille; water has poise 0.894 at 25
• C while glycerol has 1500 poise at the same temperature-roughly the same as corn syrup.) As a bonus we can figure out the center of gravity of the snail ball without breaking it open and weighing the components.
If a wheel has a fixed center of gravity (call it C) located below its center, then it cannot be rolled very far. The center of gravity cannot, in the ideal case where its initial speed is infinitesimally small, rise above its starting point (the sum of potential and kinetic energy cannot rise and the kinetic energy is 0 at the start). Of course a small initial speed generates some momentum, and this raises C a little before the slope of the curtate cycloid (FIGURE 2) forces it back down to its original level; the effect of friction thus returns it to its starting state via a damped oscillation. But suppose the ball is on a ramp, tilted downward at angle θ (FIGURE 3; where the angle is an artificially steep 15
• ). The cycloidal curve is tilted as well and its local minimum is shifted a bit to the right. Thus the ball wants to roll down a short distance. If the center of gravity were fixed, then the ball would simply settle into this new position. But the viscous fluid allows the core to slowly return to the bottom of the shell. When that happens the device is back to its initial state and again moves forward a very little bit.
This model also explains the surprising back-and-forth motion of the snail ball. For as it falls into the new minimum its momentum carries it up the other side before it falls backward and settles into its new location. 
the ball will just roll down without ever stopping: the center of gravity will rise and fall over the bumps of the cycloid but the viewer will just see this is a variation in the speed, which never becomes 0. Thus we can, by tilting the ramp, determine the steepest angle that causes the ball to rest during its journey; this resting time is what allows the core to return to the bottom and the motion to restart.
To start the experiment we place the ball on a flat surface so that the core can settle (as in FIGURE 2 ) and then we tilt the ramp and ball as shown in FIGURE 3 and immediately release the ball. From this we learn that, for the particular snail ball shown in FIGURE 1, the critical angle is about 9.5
• . What this means is that the first local maximum of the tilted cycloid is at the same vertical level as the center of gravity C. We can use calculus to find this maximum. The y-coordinate of the cycloid after clockwise rotation through θ is r (1 − a cos(t + θ) − t sin θ), where r is the radius of the ball, θ is the tilt angle, and a is the proportion of the total radius that locates the center of gravity below the center of the ball. The derivative with respect to t is r (a sin(t + θ) − sin θ), which we can set to 0 and solve. Making the correct choice of solution, one finds that the maximum corresponds to t = π − arcsin((sin θ)/a) − θ and the corresponding local maximum of the height is
So now we can determine the center of gravity for the snail ball by setting r = 9.5 and θ to be the critical angle of 9.5
• . Numerical root-finding then gives the final answer: the value of a so that the maximum just given coincides with r (1 − a cos θ), the height of the center of gravity in its initial position. This occurs at a ≈ 0.2113, meaning that C lies at height r (1 − a cos 9.5
• ) ≈ 7.5. A visual check (see FIGURE 4, which shows the tilted cycloid's tangency to the horizontal from C) shows that we have successfully located it. If the center of gravity were any higher, the ball would roll over the invisible bump and continue down the ramp without pausing.
As typically happens, the real world device is a little more complicated than the simplest mathematical model. The friction between the ball and the ramp plays a role: as the core returns to its low point, the motion will not restart until the gravity force is enough to overcome the frictional force. This helps explain why the core must end up quite near the bottom for the restart to occur, and perhaps explains why the device does not just move slowly down in some equilibrium state. When the center of gravity is at the exact same level as the next local maximum of the tilted cycloid, the ramp is at its critical steepness.
Figure 5
One can make a transparent snail ball using a jar, some corn syrup, and a moderately heavy metal cylinder.
One can easily build a simple transparent version of the device. Just partially fill a glass jar with corn syrup and then insert a heavy metal cylinder. I used a 3.5-inch diameter jar with a 1.5-inch diameter cylindrical piece of aluminum to act as the weight (FIGURE 5). One can then see the effect of friction by wrapping elastic bands around the jar and also varying the ramp surface. A more detailed study using advanced techniques from fluid dynamics is available in [2] .
